Section 2 offers a brief account of the data used in the present study, and section 3 introduces results from the simulation system of $1ingo and Webb [1992] , which are subsequently used in section 4 to develop a new diagnostic method for the retrieval from satellite data of Fg. Results of this retrieval approach and a limited validation of the method are presented in sections 4 and 5 respectively. Once the clear sky longwave flux to the surface is known, the clear sky atmospheric longwave cooling is then determined in the manner described in section 6, where the correlation between the magnitude of this cooling and the column water vapor is also explored.
It remains, however, a considerable challenge to establish meaningful ways of using present-day space measurements to estimate the contributions by clouds to the surface longwave fluxes and therefore to the column heating rates. Despite these unmet challenges, we demonstrate in section 6 of this paper how upper and lower bounds can be placed on these cloud effects and furthermore demonstrate how the longwave effects of clouds in a moist atmosphere, where the column water vapor exceeds approximately 30 kg m -2, may be es- 
Data Sources
The main sources of the global data analyzed in this study are those described and used previously in part 3. These data include the ERBE fluxes, the column water vapor retrieved by Greenwald et al. [1993] based on passive microwave measurements obtained from the Defense Meteorological Satellite Program's (DMSP) SSM/I instrument [Hollinger et al., 1987] , and the sea surface temperature (SST) data of Reynolds [1988] . The results from the Colorado State University General Circulation Model (GCM) defined in part these gases, which are assumed to be uniformly mixed in the atmosphere, are given by $1ingo and Webb [1992] . site located at Darwin 12 ø 25'S 130 ø 51'E, Australia is also used in this study. The details of the TOGA data, its quality control, calibration, and its accessibility will be described in a forthcoming paper by the principal author and is described in the report of Cornwall et al.
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SAMSON Simulations
Simulations of the monthly mean clear sky fluxes over the ice-free oceans were carried out for the period March 1988 to February 1989 which is also a period for which both ERBE and SSM/I observations are available. As in the original study of $1ingo and Webb [1992] , these simulations apply to a horizontal resolution of 5 ø. The radiation code was applied to each daily analyses (a mean of four 6 hourly analysis for each day) and then averaged to produce the monthly •nean flux distributions which are used in the analyses described below. 
Both Slingo and Webb
The advantage of (7a) over other definitions is that all factors in (7a) may be independently observed over the global oceans using current satellite observations and so its viability can be tested. For example, 6 is cal- aT 
Validation of the • Ratio
The 3r-w relationship shown above is now checked using both independent surface longwave flux measurements and concurrent radiosonde data. These observational data were obtained from both ship-borne and island-based measurements, but unfortunately they were available only after the failure of the ERBE scanning
radiometers. Thus the clear sky values of Foo used to
derive the ratio • were obtained from radiative transfer calculations using the column version of the SAMSON and profile information prescribed by the radiosonde data collected at the measurement site as input. The surface flux data were first analyzed to identify clear sky periods and the fluxes at these times were then averaged to produce 30-min averaged fluxes. Coincident ship-borne observer reports of cloudiness were used to determine these clear sky conditions which were Table 2b 
Column Infrared Cooling Rates
The loss of longwave radiative energy by the atmosphere is governed by the emissions of infrared radiation from the atmosphere to space and toward the surface. I  I  I  !  I  I  I  I  I  I  I  I  I  I  275  280  285  290  295  500  305  270  275  280  285  290  295  •00 Sea Surface Temperature Sea Surface Temperature 
Cloudy Sky Effects Relative to a Moisture

Threshold
It is reasonable to propose that the effects of clouds on the infrared column cooling in certain regions can be more tightly defined than given by the bounds illustrated in Plates3a and 3b. For example, under conditions of marine boundary layer stratiform cloud we may be able to define AFg with tolerable accuracy in a manner very similar to that given above where 6m•x was defined for AT = 2. In fact, the cloud effect on the column cooling in these regions as shown in Plate 3b, is probably a reasonable estimate of the actual effect of these low-level clouds.
We also suggest that where there is a sufficient water vapor burden, introduced here in terms a threshold value of w, the difference between cloudy and clear sky longwave flux to the ground is sufficiently small that uncertainties in the value of this difference are also acceptably small within say 10 W m -e. In these regions the impact of clouds on the column cooling rate will thus resemble the heating limit illustrated in Plate 3a. It thus remains to test this hypothesis and establish the appropriate threshold value of w. 
